Background Studies in several countries have estimated the prevalence of diarrhoea in the community. However, the use of different study designs and varying case definitions has made international comparisons difficult.
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Diarrhoeal illness is common world-wide, causing a wide spectrum of signs and symptoms ranging from minor discomfort to dehydration which may result in death. Episodes of diarrhoea can also lead to subsequent ill health, [1] [2] [3] particularly in more vulnerable groups such as children, older people, or those with an underlying disease. There are also substantial social and economic costs associated with the high frequency of diarrhoeal illness. [4] [5] [6] Many of the cases are infectious, and are caused by a variety of viruses, bacteria, or protozoa.
Some information on the frequency of diarrhoeal illness is available from laboratory-based communicable disease reporting, outbreak surveillance, and other routine public health surveillance activities. However, these sources underestimate the burden of diarrhoeal illness as they usually only represent persons coming into contact with health services. For this reason, population-based studies have been conducted in several countries to obtain more comprehensive estimates of the prevalence of diarrhoeal illness in the community. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] While these studies provide important information on the epidemiology of diarrhoeal illness, the use of different study designs and varying case definitions has made international comparisons difficult.
Recently, several population-based studies to determine the burden of diarrhoeal illness have been conducted in Australia, Canada, Ireland (including Northern Ireland), and the United States. These employed similar methodologies and examined the epidemiology of diarrhoea, describing its frequency and the health-seeking behaviour of those reporting diarrhoeal illness. We used those data with standardized definitions to compare the community prevalence of diarrhoea with associated healthseeking behaviour in each of these four studies.
Methods
Cross-sectional telephone surveys were conducted in Australia, Canada, Ireland, and the United States over 12 month periods between 2000 and 2002. In each survey, a sample of telephone numbers was generated using random digit dialling or randomly selected from a list of residential telephone numbers. Within each private household contacted, one household member was selected for interview using the Kish grid 18 or by asking to speak to the person next/last to celebrate a birthday. All interviews were conducted by non-medical, professional interviewers. Table 1 summarizes the study methodology employed in each survey; these methods are described in detail elsewhere. [15] [16] [17] 19 In Australia, OzFoodNet and the National Centre for Epidemiology and Population Health conducted a nationwide survey, covering a population of 19.0 million. The Canadian survey involved one municipality in Ontario and was carried out as part of Health Canada's 'National Studies on Acute Gastrointestinal Illness'. The municipality was selected on the basis of convenience, as well as the fact that it contained a population of approximately 500 000 including both urban and rural populations. The study conducted in Ireland surveyed respondents in both Northern Ireland and the Republic of Ireland (total population of 5.3 million) and was a collaborative study involving surveillance, public health, food safety, and academic public health organizations. The survey in the United States was the third such survey to be conducted by the Centers for Disease Control and Prevention's (CDC) Foodborne Diseases Active Surveillance Network (FoodNet). FoodNet is the principal foodborne disease component of CDC's Emerging Infections Program (EIP), and the survey was administered in EIP sites (selected counties and states with a population of 32.9 million).
Each of the four surveys asked respondents about episodes of diarrhoea in the four weeks prior to interview. Respondents reporting diarrhoea in Australia, Canada, and the United States were asked to document the maximum number of stools in any 24 h period, while respondents in Ireland were asked to specify if they had у3 loose stools in any 24 h period. Those reporting diarrhoea were asked if they sought medical care and, if they had diarrhoea, whether or not they were asked to submit a stool sample, and if so, whether they had complied with that request. Antibiotic usage for the treatment of diarrhoea was determined in all of the surveys, and in Australia, Canada, and Ireland respondents were also asked about the use of other medication. In Canada, Ireland, and the United States all interviews were conducted in English. The Australian survey was conducted in English or six other languages (Table 1) .
International comparison
We compared results from each of the four population surveys using uniform case definitions for diarrhoea and other key variables. Diarrhoea was defined as у3 loose stools or bowel movements in any 24 h period. Respondents who met the case definition reported having diarrhoea in the four weeks prior to interview. Respondents who said their diarrhoea was due to a chronic illness were excluded. The excluded cases represent only 0.9% (322/34 133) of the total number of respondents interviewed.
In Australia, Ireland, and the United States, data were weighted by age, sex and geographic location to make survey responses nationally representative ( Table 1 ). The Canadian survey was weighted by age and sex to the population in the study area/municipality. In the United States data were also weighted by the number of residential telephone lines in each household. Data from the Australian survey were weighted by the number of residential telephone lines and the household size. Datasets were analysed independently in each country, and summary data were compiled for comparison.
A co-operation rate was used to compare the respondent's response in each survey. The co-operation rate was defined as the number of completed interviews divided by the number of completed interviews plus the number of non-interviews that involved the identification of, and contact with, an eligible respondent. Non-interviews included refusals, break-offs, interviews not conducted because of a language barrier, illness, or disability.
Results
Over a 12 month period, 6087 respondents were interviewed in Australia, 3496 in Canada, 9903 in Ireland, and 14 647 in the United States. The co-operation rate was highest in Ireland (84.1%), followed by Australia (67.5%), the United States (36.4%), and Canada (34.7%) ( Table 1) .
The prevalence of diarrhoea was highest in Canada and the United States, where 7.6% of respondents reported at least one episode of diarrhoea in the four weeks prior to interview (Table 2) . Australia reported a prevalence of 6.4%. The lowest prevalence of Table 1 Telephone survey methodology, sample sizes, and co-operation rate (Table 2) . 20 The prevalence of diarrhoea was consistently higher in females than in males ( Table 2) . As shown in Figure 1 , agespecific patterns were also similar between countries. The highest prevalence of diarrhoea in all countries was among children Ͻ5 years of age. After the age of five, the prevalence declined, increased again in middle age and then declined in persons у65 years of age. In the United States, Australia, and Ireland a peak in the prevalence of diarrhoea was reported among persons 25-44 years of age. No such peak was identified in Canada. The lowest reported prevalence of diarrhoea in each country was among persons у65 years of age.
Three approaches were used to explore reasons for the lower prevalence of diarrhoea in Ireland. In the first approach, we attempted to correct for non-response by assuming that everyone who refused or was unable to participate in the surveys was symptom-free. Re-calculating the prevalence on this basis gave a prevalence of diarrhoea of 4.3% in Australia, 2.9% in Ireland, 2.8% the United States, and 2.6% in Canada.
In the second approach, we included additional symptoms to make a stricter case definition (Table 3) . Including vomiting produced a similar prevalence in each country. In Australia, Canada, and Ireland, 2.0% of respondents reported у3 loose stools in any 24 h period for у1 day, with vomiting, in the four weeks prior to interview (Table 3 ). In the United States, 2.6% of respondents met this case definition.
The third approach narrowed the case definition by considering the duration of diarrhoea. Restricting the case definition to those respondents who reported у3 loose stools in any 24 h period for у3 days produced a similar prevalence in the United States (2.0%), Australia (1.9%), and Ireland (1.6%), but Canada had a higher prevalence (3.8%) ( Table 3) .
In each country, between 19.0 and 20.4% of respondents with у3 loose stools in any 24 h period reported seeking medical care ( Table 4 ). The proportion seeking medical care was consistently higher in females compared with males. Each country observed an increasing trend in the proportion seeking care over the three age groups defined from age 25 years upwards. In the 12.8% in Australia. Data on anti-diarrhoeal agents and other medications were not available for the United States (Table 4) .
Discussion
This is the first study comparing the prevalence of diarrhoea in the community in several developed countries. Until now, such comparisons had been hindered by the use of different study designs and case definitions. This study overcame these methodological issues by the use of similar cross-sectional telephone surveys and by standardizing the definition for cases and other key variables. In addition to the similarity in study design, each study was conducted over a 12 month period between 2000 and 2002. Diarrhoea is a common illness among persons in the community in all four countries. The number of episodes per person per year varied from 0.44 in Ireland and 0.83 in Australia to 0.99 in Canada and the United Sates. Although different methodologies do not allow direct comparisons, these findings are within the range of other population-based studies conducted in other countries which indicate a prevalence of diarrhoea or gastrointestinal illness ranging from 0.18 to 1.51 episodes per person per year. [7] [8] [9] [10] [11] [12] 14 The prevalence of diarrhoea in Ireland was approximately half of that reported in Australia, Canada, and the United States. In an attempt to explain this disparity, we corrected for non-response and modified the case definition by considering a longer duration of illness and incorporating other symptoms. When considering diarrhoea and vomiting together the prevalence was almost identical in all four countries. Because the prevalence was similar when using this stricter case definition, we speculate that cultural differences influenced the reporting of more moderate or mild illness. Thus, in Ireland respondents may not have reported more mild episodes of diarrhoea that were reported in the other three countries.
Although each study asked similar types of questions, there were slight differences in how the questions were worded and the order in which they were asked. For example, in Australia, Canada, and the United States, respondents reporting diarrhoea were asked about the maximum number of stools in any 24 h period, while in Ireland respondents were asked if they had у3 loose stools in any 24 h period. While the wording of questions could impact on the responses obtained, differences were relatively minor and are unlikely to explain the observed differences in the prevalence of diarrhoea.
Despite differences in the prevalence of diarrhoea, overall age and sex patterns were strikingly similar in all four countries. Each study reported a higher prevalence in females, the highest age-specific prevalence among children Ͻ5 years and the lowest among adults у65 years of age. These age and sex patterns have been reported elsewhere. 8, 9, 12, 14, 21 In Australia, Ireland, and the United States, a peak was also observed in the 25-44 year age group. This has also been reported elsewhere, 14, 21 and may represent parents with young children who, because of the higher rates of diarrhoea in children, have a greater exposure to gastrointestinal pathogens. The similar prevalence of diarrhoea between countries suggests that age and sex patterns of diarrhoea within each country are valid.
It is interesting that, despite differences in the structure of and access to health care, the proportion of ill respondents seeking medical care was similar in each country. Also in each country, the proportion seeking medical care increased for persons between 25 and 44 years of age and persons у65 years of age. The frequency of stool sample requests ranged from 14.4 to 21.1%. Studies in England and Wales have reported rates of between 25 and 27%. 8, 10, 11 We did not assess the impact of different health care systems on health-seeking behaviour and laboratory-testing policies, and future studies should address this issue.
Antibiotics are seldom required for the treatment of diarrhoea. 22 However, the use of antibiotics was reported by a small proportion of respondents with diarrhoea in each of the four studies. This use of antibiotics is of particular concern in view of the increase in antibiotic resistant pathogens and the potential complications arising from taking antibiotics. The use of antibiotics is inappropriate for the treatment of diarrhoea of viral origin and is not indicated for the treatment of many bacterial infections, thus the results presented here may represent a greater use of antibiotics than necessary. This highlights the need to increase awareness among physicians and the general public about the limited role of antibiotics in the treatment of diarrhoea.
One limitation inherent in telephone surveys is that they exclude persons who do not have access to a fixed line telephone in their home. This may systematically exclude certain groups of people, such as persons of low socio-economic status. In addition, only those in private households were interviewed therefore excluding people resident in institutions (e.g. persons in jails and chronic healthcare facilities). In Canada, Ireland, and the United States, the study was limited to persons who spoke English, thus excluding a portion of the population. In Australia, the survey was conducted in seven languages. In Canada and the United States, co-operation rates were less then 40%, compared with 84.1% in Ireland and 68.2% in Australia. It is not known how non-responders compared with those who agreed to participate.
Conclusions
Diarrhoea is a common illness among persons in the community in Australia, Canada, Ireland, and the United States. With similar methodologies and a standard case definition for diarrhoea, age and sex patterns and health care seeking behaviour were remarkably consistent between countries. Ongoing disease surveillance and epidemiological studies are needed to identify risk factors and evaluate prevention and control measures aimed at reducing the burden of diarrhoeal illness.
